Time and frequency resolved observations of metal vapor clouds in the upper atmosphere can be used to obtain information on atomic and molecular properties of the metals involved, e. g. atomic transition probabilities, photoionization cross sections, chemical reactivity of atoms in the ground state and in excited states. Experimental techniques of evaporation, the methods of obser vation and some of the more important results are discussed for Sr, Ba and Eu, in particular those which cannot be derived by laboratory experiment, namely, radiative transitions and oxidation pro cesses which involve metastable states. Especially one finds that the photoionization and oxidation processes of Eu and Ba are significantly different i:
I. Introduction
A well-known tool for the study of ionospheric and magnetospheric phenomena are artificial metal vapour clouds that can be observed using groundbased instrumentation 1. In addition to the geophysi cal information obtained, the fluorescence spectra of the clouds provide some insight into processes which are of interest from the viewpoint of atomic and molecular physics: atomic level population in the pure solar radiation field, photoionization pro cesses, reactions between cloud and atmospheric particles (e. g. oxidation). The different behaviour of some metals (especially Ba, Sr and Eu) with similar atomic configuration is discussed in this publication. In particular, we present some informa tion about problems that cannot be investigated in the laboratory, e. g. the lifetime of metastable atoms, the reactivity of metastable atoms or atoms produced by high-velocity vapour jets with atmospheric oxy gen.
II. Generation of Metal Vapour Clouds in the U pper Atmosphere
The metal vapour clouds are generated by two major processes 2:
(i) by partial combustion of the metal in a con tainer, which is carried to altitudes above 1 2 0 km. The combustion products (typically 500 g, molar ratio 2.2 Eu: Cu 0 or 1.5 Eu: Ba: Cu 0 for equal yield of Eu vapor) expand through a nozzle into the atmosphere producing 0.3 mole of vapour with an initial velocity of 1 kinetic energies relative to atmospheric particles of 0 . 1 eV.
(ii) by shaped charges where metal cones are compressed by a solid state shock wave generated by an explosion. The metal is partly evaporated and accelerated to an initial velocity up to 15 km sec-1 corresponding to kinetic energies relative to atmo spheric particles of up to 20 eV. As shown in Fig. 1 this method provides well-defined distributions over velocities x parallel and y perpendicular to the jet axis. These distributions can be changed nearly arbitrarily by changing the configuration of the charge for a degree of evaporation between 0.05 and 0.2.
The evaporation is carried out before dawn or after dusk at altitudes which are still reached by the sun's radiation, while the site of observation is already in the earth's shadow. The sun's depression angle must be larger than 1 0° for the stray light intensity to be sufficiently low. For a depression angle of 15^ the uv-shadow of the earth (A äs 2 0 0 0 Ä) occurs at an altitude of 250 km and the observation time is approximately 2 0 minutes. Figure 2 gives typical values for the upper atmo sphere's parameters and for the most important pro cesses that can be studied by means of the clouds. Above 300 km the atmosphere is so dilute that inter actions between the expanding metal vapour and the atmospheric gases are negligible (number density 
III. Principle of Measurement and Elementary Processes

V . Experim ental Results and Interpretation
Experiments using alkaline earth elements (Sr, B a) have been reported in previous publications 3_5.
In the follow in g the results of europium experiments w ill be presented as well as a comparison o f the behavior o f all three elements.
a) Behavior of Europium
Spectra o f Eu-clouds, which have been generated Therefore
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The measured intensity 10 ratio between these groups of lines is 1 :4 (see Fig. 7 ) so that the measured Tjon can be explained by these arguments.
where W is the dilution factor of the sun' s radiation W~R 2/4 r2 = 6 -10-6
with R the solar radius and r the mean sun-earth distance.
The results are summarized in Figure 6 . Photo 
Oxidation
The 
